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where I„„is defined by Eq. (34), and -,'(1+kg „S„')is a spin-projection operator. The four-vector S„' is obtained
from the S deaned above by forming in the electron's rest system the four-vector (S,O). This four-vector is then
transformed into the laboratory system by a simple Lorentz transformation without rotation; the result is 5„'.
The tensor X„„is antisymmetric and
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Our theorem can be derived by following exactly the same method as that given in Sec. I.i, but using (L„„+Z„„)
in place of I.„„.
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A gross mass scale is assigned to the baryon-antibaryon model for bosons: for charge octets tn'('L) —m'('L)
=z BeV'. For charge singlets the mass formula is less certain but seems to be quite different from that for
octets. The quantum number of A parity is pointed out as an inescapable feature of this model; the empirical
values of A then rule out quarks for the simplest realization. Interest is remarked in E3m resonances and in
possible resolution of the Em and E2m modes of the E*(1430).

~ MPIRICAL mass relations among elementary par-
~ ticles have been remarked from time to time, ' with

high numerical precision but lacking a relevant physical
model. %e present here an approach from the other
extreme by assigning a preliminary mass scale to the
baryon-antibaryon model for bosons. The assignment
relies heavily on the set of J~=2+ mesons that now
seems established"; it is concerned in this instance only
with the gross features of J~ ordering. The approach
is one of bounded speculation but already yields
speci6c boson interpretations at some variance with
those currently popular, and amenable to experimental
study, viz. , the question of J"=i+ for the X meson, the
survey of E3m resonances. Such measurements are
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feasible but cannot usually be reconstructed from
randomly assorted data; in the hope of arousing critical
discussion, the elementary considerations below are
presented.

The energy scale chosen is so gross that the internal
structure of octets and nonets will be of little concern,
and details of coupling schemes need scarcely be
speci6ed. In order to avoid the opposite extreme of
complete formlessness, we impose the following con-
straints:

(i) The basic Fermion and anti-Fermion are not
quarks nor triplets but just the observed baryon charge
octet of spin ~ in some "bare" state, which is taken not to
di6er very substantially from the dressed state. This is
a little unfashionable at present but entrains the next
restriction, often neglected; confrontation with experi-
ment is discussed below.

(ii) The baryons are taken to obey ordinary Fermi
statistics, having never given evidence of parastatistics;
that is, the Pauli principle is taken seriously.

(iii) Systematic corrections could be introduced as
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Tssx,z I. Orbital assignments.
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a AQ s p7r, f' ~ KK*", K+(1430) a Ksr is A violating, but there appears (see Ref. 2) to be a substantial fraction of K+ s K+(890) +2i, although the
available phase space is an order of magnitude less.

bA& ~p~,. C(C') ~K~~; O(Z) ~XK~.
& B -+ cy7r, X -+ yp~, X~ ya.

(e baryon)-(e antibaryon) terms with I=2 3, . We
assume that such an expansion is physically meaningful
in the sense that the m=1 terms are already a fair
approximation to much that is observed.

Assumption (iii) implies that higher order combinations
like decouplet-antibaryon and decouplet-antidecouplet
need not be considered here. In this approach the
decouplet is already a (2 baryon)-(1 antibaryon)
system, so that decouplet-antibaryon corresponds to
e= 2, and decouplet-antidecouplet to m=3.

According to (ii) the baryon-antibaryon pair satisfy
the exchange relation

where the spin exchange is Ps=+1, —1 for triplet,
singlet; space exchange is P~= (—1)~. For charge ex-
change we assume that the values I'~=&i will be
determined by the predominant SUS charge symmetry;
admixtures of other charge symmetries such as G2 or Ey
are necessary to lift the mass degeneracy within an
octet, but their representations must accord with the
dominant Po. In the decomposition of SXS, Pc=+1
for 1, 8, 27 and Po= —1 for 8', 10+10.

The exchange I'~ is on the baryon number; because
there are just two particles, one baryon and one anti-
baryon, I'~ is identical with the operation of reversing
the baryon number for each fermion. That is,

where A is just the "antiparticulation" operator' or
equivalent charge parity. ' Note that Eq. (1) reduces
to an old formulas for positronium where the fermions
are leptons and have no internal charge coordinates: in
that case Po ~ 1, A -+ C (charge conjugation).
Equation (2) shows that the charge parity A is an

integral part of the model and cannot be overlooked.
The chief empirical difIj.culties with A center around

octet-singlet mixing, which is supposed to be large in

order to account for the failure of the SU~ mass formula
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for all but the pseudoscalar octet. Since it is generally
true that the octet and singlet have opposite A values,
such mixing represents a serious violation of A. Our
qualitative escape from this difhculty has been indicated
above: Ascribe the octet mass failures to admixture of
Gg and Ev symmetries~; then octet-singlet mixing is
slight and A remains a fairly good quantum number.
There is no difhculty about reproducing either octet I'~
in this way; for (7+1)X (7+1)=1+1'+7+7'+ ~ ~

With this assumption of minimal octet-singlet mixing,
satisfactory assignments of A can be given to all but
one of the 16 or more bosons listed in Table I.

To illustrate the importance of A as a physical
parameter, note that it distinguishes clearly in favor of
baryons over quarks on the present model. For quarks
the charge symmetries are Pc=+1 for 8, Po= 1—
for 1; then by Kq. (1) the 'Se pseudoscalar octet would
have A =+1, the sSt vector octet would have A =—1,
so that V~ (Pvs)' would be A-forbidden. The em-

pirical assignment' is just the opposite, indicating that
the pseudoscalar and vector octets are both 8' with
I~= —1.The necessity of ignoring Fermi statistics is a
frequent feature of simple quark models.

Since we assume singlet-octet mixing to be small,
average (mass)' values are taken direct from the octets:

m'—=—',fmP+4ms'+3ms'j
m"=——,'Lmp+mssj,

where the subscript is (2I+1).The Grst Eq. (3) is just
a simple average over the octet; the second is derived
from the 6rst by use of the SU3 mass formula,
3mP+mss=4mss. Since we ignore Gs and Eq mixing,
m"Wms in general. These (mass)' values for known and
suggested octets are shown in Table I; values mo' for
some possible corresponding singlets are included.

The assignments in Table I run in decreasing order
of reliability; the last column is admittedly suspect
but correspondingly provides the greatest experimental
interest.

From the eP and tn'2 entrices in Table I we 6nd
ms(sS) —m'('S)=0. 6 Revs. In the absence of a well-
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established 'Fo octet, we cannot 6nd m'('F) precisely;
but the missing octet has a relative weight of only

so we take eP('F) =SSN'('Fg)+-,'m'('F2). Then
m'('F) —m'('F)=0. 5 to 0.6 BeV'. This consistency
suggests that the V' states in Table I are in about the
right position, and that the singlet-triplet mass splitting
is roughly independent of I.

m'('I) —m'('L) =0.5 to 0.6 BeV'. (4)

The corresponding relation for singlet masses is much
more doubtful; but the suggestions from Table I are

F02('L) —mo'('L) =—0.3 to —0.4 8eV', (4')

cmphasiring the great difference in character between
octet and singlet mesons. It turns out that all the octets
in Table I are 8', so that each singlet has the opposite
value of A from its corresponding octet. Absence of
octets 8 suggests the dominance of F-type SUg coupling.

An observational difhculty associated with thc
'I'0 states is that they should all be relatively narrow
and decay primarily by modes that are in some way
inhibited. The simplest fully allowed decay for
J~=O+-+ (0-)", A =—1—& (—1)", is with n=5. The
phase-space rest ct ns at mode ate in t l ses are
so severe that 0+-+ (0 )' is much more likely with
violation of charge symmetry rules. The members of
t»s oc««oui«hen b«e (&%at -«40 L«pos»biy
the e at /20j, the ~ at 725 and the 1'(5'l5) with a
width &0.1 MCV because of a further 0.' factor. Ob-
viously any such assignment ls very tentative, but
illustrates the great uncertainties to be expected in
establishing the V'0 octet. Strong forward peaking in g
and X' production on protons by x and K suggests
exchange of one boson, for which the J =9 octet 1s
an obvious candidate.

Extrapolation of eP(S) te'(F) ~ by an L(X+1)
law and combining with Eq. (4) suggests the incidence
of 'D (J~=2—) states in the mass region around 1.7
BCV; the corresponding 'D states center around j..9
BcV. Thc partial lndlcatlons from E ax'c fox' a stx'ong
I;5 coupling and a weaker tensor term; accordin. gly,
the~a» states may appear below thc'D states. They will
be I—mesons indistinguishable in external quantum
numbers, including A, from the (pE*t,co); because of
the weakness of thc tensor force, not much mixing is

expected between the 'Sj. and 3D~ vector mesons. A
number of these states should cause large D-wave phase
shifts in Ã-N scattering at low en.ergies; the large
absorption cross section is mostly 5 wave, since it
follows a 1/e law.

Assignment of the X(960) in Table I is ambiguous.
There is yet no incontrovertible evidence distinguishing
I+ from 0- for the I; this is clearly a question of prime
importance for the present model. In either case, how-
ever, the model uniquely predicts 2=+1.The corre-
sponding E*with J~=1+ and. A=+ should have E3n
as its min, imal allowed decay mode, but in this mass
range it wouM probably have a pxominen. t E2vr mode
by A violation. A direct search for E3m resonances
would be of great interest in this connection.

Thc only serious dlfBculty with A parity ls raised by
the E*(1430), which is reported to have a width of
order 100 MeV for E*—& E+m, although with perhaps'
a substantial minor decay mode E2x. One possibihty
1s that the Z (1430) should ultimately be resolved mto
two resonances, a broad one with the F:m mode (and
J~= 1+2), a narrower one with K2m mode and J~=2+.

The f' appears as the 2+ singlet; absence of mixing
with the octet and lnvocatlon of A forbiddenness would
a.lter Table I of Ref. 3 in a way not violating observa-
tion: Terms like (F cos8—G cos8)' are replaced by G~,
those like (2F cos8—G sin8)' by "A forbidden, "and the
predictions would be essentially unchanged. The
validity of our A assignment could in principle be
checked by comparing the degree of one-pion peripheral
photoproduction: ideally y+p ~ p+ f'by this process,
but y+ p —+ p+ f' is 2 forbidden for one-pion exchange.

The ~'(720) has a substantial width for 2~ decay but
cannot have A =+1and J~=0+as a baryon-antibaryon
combination. It is accordingly a candidate as the 6rst
member of a (2 baryon)-(2 antibaryon) series. Such
states must exist somewhere, and the simplest con6gura-
tion under I'~ will certainly be the I= I'=0 singlet,
A =G=+1.The c' on this picture will have strong xs.
components but is not directly coupled to bare E-X
vertices. Higher I=2 states like J~=2+ should mix
strongly with the n=1 series, viz. , the f'.

8 gobi add@S fN proof. Recent measurements by J.Sadier gt eg.,
Phys. Letters 19, 6j.2 |',1965},indicate that Em+ is the major decay
mode. Comparison vrith the E~ mode is uncertain because of the
diGerence in 6nal spin states, but it is not hard to infer from their
data an inhibition factor of order $ to $0 for g~ decay.


